I nflammatory myofibroblastic tumor (IMT) consisting of a spindle cell proliferation admixed with an inflammatory component is an uncommon mesenchymal lesion that can arise in multiple anatomic locations 1, 2 . Because of its heterogenic histologic appearance, different synonyms have been used throughout the literature, including inflammatory Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of any aspect of this work. None of the authors, or their institution(s), have had any financial relationship, in the thirty-six months prior to submission of this work, with any entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. Also, no author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article.
pseudotumor, fibromyxoid lesion, pseudosarcomatous myofibroblastic tumor, and plasma cell granuloma 2 . Although IMTs have been considered benign proliferation of myofibroblasts, they have potential for recurrence, persistent local growth 3 , and local aggressive behavior 2, 4 . Their malignant potential is controversal 5 . The rare entity of multilocality has been described 6, 7 and might even be interpreted as metastatic occurrence 8 . Although very rare, even paraneoplastic symptoms have been attributed to IMT 9 . While IMTs seem to localize predominantly in the viscera (e.g., lung) and soft tissue (e.g., mesentery and omentum) 2 , they arise very infrequently in bone. Their occurrence has been reported in cranial bones [10] [11] [12] , long bones 13, 14 , the sacrum 9 , and the iliac bone 15 . IMTs in the spinal system are also reported [16] [17] [18] [19] , but primary occurrence in a vertebral body is extremely rare 1 . Roberts et al. described a case of an IMT of the T10 vertebra compressing the thecal sac and involving the paravertebral muscles 20 , but it was unclear whether the IMT originated from the vertebral bone or from the surrounding soft tissues. We present a rare case of a localized IMT in the T12 vertebra, and we describe the difficulties involved in histological diagnosis and treatment. The patient was informed that data concerning the case would be submitted for publication, and she provided consent. 
Case Report
A thirty-seven-year-old woman presented with persistent and localized constant pain at the right costovertebral joint of the T12 vertebra. The medical history and clinical findings were normal. The radiographs showed destruction of the right pedicle of T12 ( Fig. 1 ). Magnetic resonance imaging (MRI) revealed an expansive osteolytic mass (35 · 26 · 20 mm) in T12, which affected the right posterolateral aspect of the vertebral body, the right pedicle, the lamina, the inferior articular process, and the transverse process. Computed tomography (CT) showed slight sclerosis of the margins of the osteolysis, indicating a slow-growing lesion (Fig. 2) . Two subsequent CT-guided core biopsies showed similar results and revealed a moderately cellular spindle cell proliferation with slight atypia, accompanied by some inflammatory cells (mostly lymphocytes and plasma cells) ( Fig. 3) . Immunohistochemical staining revealed focal positivity for smooth muscle actin 21 (clone 1A4, dilution 1:20000; Sigma-Aldrich, Buchs, Switzerland) and cytokeratin (AE1/AE3, dilution 1:50; DAKO Schweiz AG, Baar, Switzerland) ( Fig. 3) . All other markers, including thyroid transcription factor 1, estrogen and progesterone receptors, and the CDX2 protein, as well as melanocytic markers, the remaining myogenic and neuroendocine markers, and epithelial membrane antigen, activating receptor-like kinase 1 (ALK1), CD34, CD117, and CD21, were negative. There were few mitoses, and the proliferation index, as measured by MIB-1 staining (clone 30-9, prediluted; Roche Diagnostics [Schweiz] AG, Rotkreuz, Switzerland), was low (below 5%). There was no osteoid or cartilage matrix production. Staging procedure, including mammography and ultrasound of the breasts, CT, MRI, and positron emission tomography (PET)-CT, as well as gastroscopy and colonoscopy, failed to provide evidence of any other tumor manifestations, a primary tumor, or metastatic disease.
Surgical Technique
Through a midline skin incision, the T11 to L1 levels were exposed. On the right side, the lamina of T12 was not exposed, and a layer of muscle covering the lamina was left. Pedicle screws were placed in T11 and L1. Osteotomies were performed through the facet joints at T11-T12 and T12-L1 on the right side. After a right-sided costotransversectomy of T12, the lateral and anterior surfaces of the T12 body were exposed by blunt dissection of the pleura. A malleable retractor was inserted from the right side to the anterior surface of the vertebral body, displacing the aorta anteriorly; then, incisions were made into the intervertebral discs at T11-T12 and T12-L1. The T12 nerve root on the right side was sacrificed because of its proximity to the mass in the foramen. After the laminectomy at T11, the dural sac was retracted to the left, and a sagittal osteotomy at the midline of the T12 vertebral body was performed from posterior to anterior with use of ordinary straight osteotomes ( Fig. 4) . Then, the specimen, including the right half of the Figs. 6-A and 6-B Imaging after reconstruction. Fig. 6 -A An axial CT shows the extent of the partial vertebrectomy. Fig. 6-B A radiograph demonstrates the reconstruction with the titanium mesh cage and pedicle screw instrumentation on the right side. The resection specimen showed areas of more loosely arranged bland spindle cells with focal collections (stars) of inflammatory cells (lymphocytes and granulocytes) (hematoxylin and eosin stain, original magnification 200·).
vertebral body with the upper and lower end plates, the pedicle, the articular facets, the transverse process, and part of the attached rib, was removed en bloc ( Fig. 5 ). Reconstruction was achieved with a titanium mesh cage on the right side that was filled with autologous bone from the iliac crest (Fig. 6 ). The patient's postoperative course was uneventful. Weight-bearing and walking without bracing began on the first postoperative day.
At the six-week follow-up, the patient was asymptomatic and was reintegrated into normal daily life. Adjuvant therapy was not instituted. At the six-month follow-up, there was no evidence of a recurrence of the lesion on MRI or CT. At the twelve-month follow-up, the patient was pain-free, and there was evidence of solid fusion without any signs of recurrence on a repeat CT.
Histological Analysis
Histologically, the tumor consisted of monomorphic spindle cells arranged vaguely in loose fascicles, with focal areas of edematous matrix (Fig. 7) and infiltrates of inflammatory cells (lymphocytes, plasma cells, and granulocytes). The main tumor mass (Fig. 5 ) was found in the osseous structures of the pedicle, with spreading in the vertebral body; there was also infiltration of the soft tissue of the costovertebral angle. No osteoid production or intralesional cartilage was found. The mitotic figures were scarce (less than two in ten high-power fields). The tumor cells showed myofibroblastic phenotype with slender cytoplasm and oval nuclei with small nucleoli. In concordance with the preceding biopsy, focal expression of smooth muscle actin and cytokeratin was found, while all other markers, including ALK1, remained negative. Fluorescence in situ hybridization (FISH) failed to demonstrate the rearrangement of the ALK1 gene ( Fig. 8) . IMT was diagnosed. No tumor was found within 3 mm of the resection margin.
Discussion
A n IMT consisting of a spindle cell proliferation admixed with an inflammatory component is an uncommon mesenchymal lesion that can arise in multiple anatomic locations 2 . We present a rare case of a localized, ALK1-FISH negative IMT in the T12 vertebra. Once considered a reactive process, an IMT is currently classified as a neoplastic lesion 22 ; rearrangement of the ALK1 gene, located on chromosome region 2p23, and coding for a tyrosine kinase receptor member of the insulin growth factor receptor superfamily are found in approximately 50% of cases, indicating a specific genetic background for this entity. The availability of ALK1 inhibitors (e.g., crizotinib) may be a therapeutic option in ALK1-positive aggressive IMTs 23 . The IMT case described in our report did not show the rearrangement of the ALK1 gene with the FISH technique ( Fig. 8) .
Because IMTs are very rare and manifest with a wide range of presentations depending on location and extent, no established guidelines exist regarding the best treatment modality. An overall recurrence rate as high as 8% to 25% 2, 22 has been reported with incomplete resection, and removal with wide margins is recommended 2 . Although the role of adjunctive treatment is largely unknown, it has been suggested that adjuvant chemotherapy be considered in conjunction with radiation therapy if complete resection cannot be achieved 2 . This case report illustrates the difficulties in histological diagnosis of IMTs, as well as the successful surgical treatment with complete en bloc resection. At the one-year follow-up, the patient was free of symptoms and there was no evidence of recurrence on repeat CT. In addition, histology showed that no tumor was found within 3 mm of the resection margin. Therefore, recurrence is not expected, and the necessity for additional follow-up radiographs is unknown and debatable. n
